SUMMARY Ninety-eight patients were studied. Ninety were consecutive patients who were isolation-positive for adenovirus, and 8, who were associated with a hospital outbreak of adenovirus serotype 8 infection, developed characteristic features of infection but were isolation-negative. The ratio of males to females was 2 to 1, and most patients were aged 20 to 39. Adenovirus serotypes 3, 7, and 8 were isolated from 86% of patients, and serotypes 2, 4, 5, 11, 15, and EKC.35 In this paper we report epidemiological and clinical details of 98 cases in London of adenovirus keratoconjunctivitis caused by various serotypes.
Adenovirus keratoconjunctivitis is a major cause of ocular morbidity in developed and developing countries. Epidemic keratoconjunctivitis (EKC) caused by adenovirus serotype 8 is well defined. It is characterised by outbreaks of keratoconjunctivitis and the development of comeal opacities and hazy vision, which can persist for several months or even years. The role of medical officers and ophthalmologists in the transmission of EKC is well recognised.
Ocular infections caused by other adenovirus serotypes have not been studied as thoroughly. Serotypes 3 and 7 are most commonly isolated from cases of sporadic keratoconjunctivitis, but many other serotypes have also been isolated.'2 It has recently been recognised that adenovirus serotypes 10/19, 19, and 21 can produce clinical features similar to EKC.35 In this paper we report epidemiological and clinical details of 98 cases in London of adenovirus keratoconjunctivitis caused by various serotypes.
Ninety-eight patients were included in this study. Ninety of these were consecutive patients attending the Virus Clinic, Moorfields Eye Hospital, London, from whom adenovirus was isolated. A further 8 patients were included who were isolation-negative but had characteristic features of serotype 8 infection, and who were known to be associated with a small hospital outbreak of serotype 8 infection.
The patient were examined by a Haag-Streit slitlamp. The clinical signs and symptoms were scored and recorded in accordance with the method described previously.6 LABORATORY INVESTIGATIONS Differential cytology. Conjunctival scrapings were taken from 89 patients with an aluminium spatula in accordance with the method described earlier. 7 Scrapings were placed on glass slides, fixed with methanol, stained with Giemsa, and examined microscopically at a magnification of x400 for the presence of inflammatory cells. The overall ratio of male to female was about 2 to 1.
The age groups of patients at presentation are shown in Table 1 colleague with conjunctivitis, 6 had contact with upper respiratory tract infection (URTI), 16 were associated with a hospital outbreak, and only 2 had recently been to a swimming pool (Table 3) . Sixtythree patients (64%) had no history of contact with conjunctivitis or URTI.
HOSPITAL OUTBREAK
During this study an outbreak of serotype 8 infection occurred at Moorfields Eye Hospital. Thirteen patients were infected in the casualty department while attending for other reasons, and 2 of these patients infected 3 relatives. The total number of patients associated with this outbreak was therefore
16.
The incubation period for the hospital infected patients was 2 to 11 days, and the majority developed conjunctivitis 7 to 9 days after their first visit. Seven of these patients were infected during minor surgical procedures: removal of foreign bodies (5), syringing of lacrimal canaliculi (1) , and Schirmer test (1), 4 were infected during clinical examination, and 2 patients were staff in the casualty department (a medical officer and a nurse).
ASSOCIATED SYSTEMIC DISEASE
The prevalence of associated systemic disease in relation to different serotypes is shown in Table 4 . Patients with serotypes 3, 4, and 7 infections had a markedly higher prevalence of systemic disease compared with patients with other serotypes.
LYMPHADENOPATHY
Regional lymphadenopathy was detected in about 75% of patients. The majority of these patients had mild swelling of the preauricular nodes, accompanied by slight tenderness, but a few also had submandibular or cervical node involvement. CONJUNCTIVITIS Eighty-two patients attended regularly for follow-up and are included in this analysis. Ten patients (12%) had bilateral conjunctivitis at onset. Forty-eight patients (59%) developed bilateral conjunctivitis 3 to 7 days after onset. In 36 of these, the infection was worse in the first eye, and in the remaining 12 both eyes were equally badly affected ( Table 5) .
The mean duration of conjunctivitis for all serotypes was 20 days. It was shortest in serotype 11 infection (mean 11 days) and longest for serotype 5 infection (mean 37 days). Conjunctivitis was mild in serotypes 4 and 11, moderate in serotypes 2, 3, 7, 15, and 15/29, and severe in serotypes 5 and 8 ( Table 6) .
The prevalence and severity of clinical signs in the palpebral conjunctiva is shown in Table 6 and Fig. 1 . At first attendance all patients had moderate to severe hyperaemia, diffuse infiltration, and papillary hypertrophy. Most patients had follicular hypertrophy. The papillary reaction was more severe in the upper tarsal conjunctiva. The mean duration of (Fig. 1) .
Punctate conjunctival haemorrhages were found in 15 (18%) patients. These patients had serotypes 3, 7, 8, 15, and 15/29 infections (Table 6 ). The incidence of haemorrhages was similar for all these serotypes and was not always associated with severe conjunctivitis. Pseudomembrane was observed in 10 (12%) patients. Eight of these were infected with serotype 8, and 2 were infected with serotype 7; all had severe keratoconjunctivitis (Table 6 ).
Moderate to severe linear or diffuse scarring developed in 9 patients (11%). They were infected with serotypes 3, 7, or 8 ( Table 6 ). Seven of these patients had severe conjunctivitis, and 2 had moderate disease. There was no distortion of lids resulting from conjunctival scarring, nor was there any impairment of tear production.
KERATITIS
Of the 82 patients who were followed up regularly 59 (72%) developed epithelial punctate keratitis (EPK) and 35 (43%) developed subepithelial punctate keratitis (SEPK) ( (Table 7) . In some cases the duration of SEPK could not be assessed accurately because patients failed to attend for follow-up when they had been free of symptoms for several weeks. In the 2 patients with serotype 7 infection SEPK resolved within 3 weeks, and in the patients with serotype 4 or 5 infection it lasted for one to 4 months. In serotype 3 infection SEPK resolved completely within 5 weeks in all UVEITIS A mild anterior uveitis occurred in 3 patients with serotype 8 infection. All 3 had severe punctate keratitis, and 2 also had diffuse stromal keratitis. The uveitis was characterised by a mild flare and small numbers of cells in the aqueous of the anterior chamber. The uveitis resolved within a few days without complications. A generally mild disease was associated with adenovirus serotype 7 infection. Conjunctivitis was moderate, and the mean duration was 17 days, a little shorter than the average duration (20 days). While 83% of patients developed EPK, only 17% of these developed SEPK, which resolved within 4 weeks. Patients were generally younger (half were under 20 years), and no cases occurred in winter. These observations are similar to those of Ormsby et al., " who found that most patients were children and that cases occurred only in the summer.
Adenovirus serotype 8 caused the most severe conjunctivitis, and most patients developed EPK and SEPK. However, serotype 8 infections could not be diagnosed on clinical grounds alone because they were similar to serotype 5 infections. The highest incidences of pseudomembrane (38%) and con-junctival scarring (28%) were found in these patients, but were lower than those reported in another outbreak of EKC, in which over half of patients had pseudomembranes and conjunctival scarring.'3 The incidence of systemic symptoms in our patients was lower than that for serotypes 3, 4, and 7.
Serotypes 11, 15, and 15/29.were associated with mild to moderate conjunctivitis, lasting for about 2 or 3 weeks. EPK was mild and transient, lasting for a few days.
The conjunctivitis caused by the different serotypes was very similar, though it varied in severity and duration. Although SEPK was originally considered to be characteristic of serotype 8 infection, it has been reported that other serotypes can also cause SEPK. 3 In this study we observed SEPK in infections caused by serotypes 3, 4, 5, 7, and 8. However, the incidence, severity, and duration of SEPK varied considerably between different serotypes.
